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IQtJESTION 1

Provide the dynamic load factor for open systems. Include a 
description of the method of analysis used to obtain this 
factor.  

ANSWER 

Thrust forces which act on the piping system upon valve 

operation were calculated using fluid m echanics and thermo

dynamic principles. The thrust forces caused by valve 

discharge include considerations for the fluid flow behavior 

and dynamic action of the valve. Equivalent static loads 

applied to the piping system were conservatively established 

by increasing the magnitude of the initial thrust force values 

associated with 75% of maximum flow by a factor of 2.0 to 

account for dynamic loading effects. The open systems at 

Indian Point Unit No.2 act as one degree of freedom systems.  

For such systems, the dynamic load factor value ranges between 

zero and two and has been conservatively taken as 2.0 for Indian 

Point Unit No. 2.  

The analysis and design of the piping systems to account 

for valve operation has been based on a number of conservative 

assumptions in that the opening of the valve and the application 

of the blowdown loads were assumed to be instantaneous. All 

of the stresses resulting from the application of the thrust 

forces to the piping at the intersection of the branch and 

header were conservatively assumed to be primary stresses.



QUESTION 2

Discuss the validity of the use of ANSI B31.1 for primary plus 
secondary stress determination at the junction of the weldolet 
and the main steam header for open systems.  

ANSWER 

Stresses at the junction of the weldolet and the main steam 

header were evaluated using the CYLNOZ computer program. The 

CYLNOZ program is based upon Welding Research Council Bulletin 

No. 107, Revision 2, July 1970, entitled "Local Stresses in 

Spherical and Cylindrical Shells Due to External Loading" 

by K. R. Wichman, A. G. Hopper, and J. L. Merehon.  

All of the stresses calculated using the CYLNOZ program were 

assumed conservatively to be primary stresses and the resulting 

stress values were maintained within ANSI B31.1.0 code allowables.



'QUESTION 3 

Submit a summary of the results of the 
test or analysis to 

verify the assumed direction of the relieving 
load.  

ANSWER 

A steam safety valve prototype was tested 
for three different 

exit nozzle configurations: 00 exit (horizontal discharge), 

900 exit (vertical discharge) and 330 exit. The valve was 

mounted directly on a header off a pressurized 
drum capable 

of supplying a sustained steam flow 
at constant pressure 

for several seconds exceeding the time 
taken to achieve full 

accumulation flow of the valve (maximum valve lift). The 

tests measured the thrusts caused by 
the flow out of the 

different exhaust configurations tested, 
and obtained the 

direction of the resultant thrust force 
out of the 330 exit.  

Strain gages mounted on a load cell forming 
an extension of 

the. valve inlet nozzle section as shown 
in Figure 3 were .used 

to obtain the measured strains. At the set pressure, the valve 

opened and continuous measurements of 
load cell strains, valve 

lift, drum pressure a nd load cell temperature 
were taken, Two 

strain gages read direct plus bending 
strains in the plane of 

bending, two gages rea d the direct 
strain in the plane at 9Q0* 

Four dummy gages were mounted on an 
identical load cell on a 

second steam drum header such that 
compensation could be 

achieved for any changes in temperature 
and pressure during 

the tests.
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From Figure 3, the solution of the exit thrusts from measured 

values were obtained as follows: 

Po =P -F (1) 

M0 =FH xH - Fv H2 (2)

where:

V2 A 
Pv= v gc

(mass flow force in the load cell)

Calculated values for comparison with the test values were 

obtained for full accumulation pressure assuming dry saturated 

steam. A valve efficiency factor of 0.26 (specified by valve 

manufacturer) was employed.  

Valve .  

1P 
M 

Po 
Load Cell 

Figure 3. Steam S arfe Val ve
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The test records show typical valve opening and valve 

closing times as 0.060-0.080 seconds. This causes a rapid 

change in exit thrust force which cause transient vibrations 

of the valve. The frequency of the oscillations correspond to 

the natural frequency of the system tested (22.7 Hz). The 

maximum oscillatory force component recorded by the load cell 

was close to 1/4 of the steady-state load component. Thus 

for the system tested, a dynamic load factor of 1.25,was not 

exceeded. No significant vibrations of the valve in the steady

state blowdown phase were observed. Good agreement between 

calculated and measured values were obtained. Generally, for 

all the exit configurations, the calculated values were conser

vative within 10% of the measured values.  

High speed movies of the exit steam jet from the 330 angle 

nozzle showed a near symmetrical distribution over the exit 

area and did not divert significantly (lPEss than 2*) from the 

normal direction to the exit plane.
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QUESTION 4

Provide the following analytical parameters for each computer 
program referenced: 

a) brief description of the theoretical basis.  
b) brief description of the assumptions used for analysis 

and the limits of applicability.  

ANSWER 

The digf.tal computer program ADLPIPE provides an elastic 

analysis of redundant piping systems subjected to thermal, 

static and dynamic loads. The system may contain a number of 

sections, a section being defined as a sequence of straight 

and/or curved members lying between two network points. A 

network point is: (a) a junction of two or more pipes; (b) an 

anchor or any point at which motion is prescribedl or (c) a 

position of lumped mass. A network point may be free, or one 

or more of its six degrees of freedom may be constrained or 

displaced.  

ADLPIPE computes the stresses within piping systems in 

accordance with ANSI B31.1. Any member in the system may 

sustain prescribed loads or may be subject to elastic con

straint in any of its six degrees of freedom, Also at any 

location within the system, members may be changed, masses 

concentrated, springs inserted, temperature conditions varied, 

materials and weld configurations changed, and body forces 

altered.

4-1



ADLPIPE computes at each point within the piping system the 

forces, moments, translations, and rotations which result 

from the imposed anchor or junction loads, thermal gradients 

in the system, gravitational loads in any combination of the 

three orthogonal axes, wind loads, and earthquake disturbances.  

For seismic effects, a nprmal mode analysis is performed using 

three dimensional response spectra. The resultant internal 

forces and moments are computed from the root mean square 

of the modal forces and moments.  

MEL-40 is a computer program using tensor analysis methods 

to analyze the flexibility of multiple branch and closed-loop 

piping systems subject to pressure variations, temperature 

variations, anchor movements, weight, and/or other prescribed 

loading conditions. All computations are performed in accor

dance with the requirements of ANSI B31.1.  

The maximum problem size using the static analysis approach 

is 99 branches, 99 balance points, and/or 999 data points. Each 

data point may describe one to three elements.  

The CYLNOZ computer program is based upon Welding Research 

Council Bulletin No. 107, Revision 2, July 1970. The 

computer program is designed to compute stress intensities 

at eight different locations due to six different external loads.  

The graphical data published in Welding Research Council 

Bulletin No. 107 are stored as data in tabular fashion.
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AITKEN's method for Lagrange interpolation at unequal interval 

technique is employed in performing interpolation along the 

curve while linear interpolation is performed between the 

curves and thus appropriate values of non-dimensional parameters 

against the non-dimensional variable (8) and gamma (y) are 

obtained.  

The FLASH-IV program was used to calculate the hydraulic 

loads applied to piping systems, A description of the program 

is presented in WAPD-TM 80, "FLASH-IV: A Fully Implicit 

Fortran IV Program for the Digital Simulation of Transients 

in a Reactor Plant", T. A. Porsphing, J, H. Murphy, J. A.  

Redfield, V. C. Davis.  

Significant assumptions used in the analyses were presented 

in Applicant's report entitled, "Summary Report of 
Safety and 

Relief Valve Installation and Re-Analysis, dated 
July 13, 1972".
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QUESTION 5 

Provide a brief description of the following for'typical.open 
and closed systems:.  

a) mathematical model 

ANSWER 

Thrust loading effects on piping.systems were evaluated using 

equivalent static loads. The mathematical models used to 

perform these analyses represented acqurately the flexibility 

properties of the piping system,. The MEL-40 computer program 

described in the response to Question 4 was used to evaluate 

-the responses of open And closed systems to the applied equi

valent static loads.
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QUESTION 5 

Provide a brief description of the following for typical open 
and closed systems: 

(b). input forcing functions.  

ANSWER 

(1) Open System 

The reactioi force of a safety valve used in an open system 

is a maximum when full flow is being discharged through the 

valve. The full flow reaction force should be used when 

designing a valve installation. Since each safety valve can 

open at a different time, and since all valves on a system may 

not be required to operate during all transients of interest, 

several possible combinations of forces can exist for a parti

cular installation.  

The hydraulic reaction force for a blowing steam safety valve 

should be based on the appropriate safety valve flow rate.  

Based on ASME B&PV Code, Section III, 1971, the rated flow of 

a safety valve is no more than 90 percent of the calculated 

flow relieving capacity. For the design of a safety valve 

installation, the expected, or maximum, flow capacity must 

be considered when establishing the maximum reaction force due 

to the blowing valve. The maximum flow capacity can be determined 

from Napier's formula.
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W = 51.5 AP 

where: 

W = Safety valve saturated steam flow, lb/hr 

A = Safety valve nozzle throat area, square 
inches 

p = Absolute pressure at safety valve inlet nozzle, 
psia 

The pressure to be applied in this formula is 
110 percent of 

the design pressure of the system on which 
the safety valve is 

being installed. This is because the maximum allowable over

pressure under the-code to which the system 
is designed is 

110 percent of design pressure. The nozzle throat area used 

is obtained from the valve manufacturer.  

The total hydraulic reaction force for a discharging 
jet of 

fluid is comprised of a pressure-area contribution 
and a 

fluid momentum contribution where both 
of these quantities 

are referenced to fluid conditions at 
the outlet plane of 

the flow geometry. The total steady-state hydraulic force 

at the outlet may be expressed as the sum 
of the pressure and 

momentum forces as follows: 

F - 144 (Po - 14.7) + Vo 2 

.A 0Ao vo g

5-3



where:

F = total hydraulic force at jet outlet plane (lbs) 

A = outlet flow area (ft
2) 

0 

P0 = outlet pressure (psia) 

V0 = outlet fluid velocity (ft/sec) 

v = outlet fluid specific volume (ft3 /lbm) 

c= 32.2 lbm/lbf (ft/sec2) 

All of the above fluid conditions are referenced to the outlet 

plane of the jet. Direction of force is opposite to that of 

discharging jet flow.  

The valve isentropic expansion efficiency (n) must also be 

considered in the force calculation. The efficiency is not 

known precisely and may vary depending on the valve configuration 

and the operating parameters. The effect of variations in this 

efficiency on the reaction force calculated for a particular 

valve configuration is shown in the attached Figure 5b. In 

this case, the reaction force generally increased as isentropic 

efficiency increased; for other valves having different ratios 

of nozzle to outlet areas, the curve may differ from that shown.  

In order to establish the most conservative reaction force, the 

calculation described herein should be performed over a range 

of isentropic expansion efficiencies from 0,25 to 0.50.  

The force calculation requires that the outlet pressure and 

fluid conditions be known. The calculation procedure to deter

mine the outlet conditions and reaction force is as follows: 

5 

5 -4 -'... -i.



'(1) Establish the conditions at the valve inlet

P, h? S 

where: 

h = saturated steam enthalpy at P (Btu/lb) 

S = saturated steam entropy at P (Btu/lb F) 

(2) Determine the valve flow for these conditions as described 

above, i.e., 

W= 51.5 AP 

(3) Assume an outlet pressure Po; determine an isentropic exit 

enthalpy, hs, based on the assumed outlet pressure Po and 

the inlet entropy S 

h s = h s (Po, S) 

(4) For a value of isentropic expansion efficiency (n) within 

the range from 0.25 to 0.50, calculate the outlet enthalpy 

h for the assumed outlet pressure.  

h o = h - n(h - hs ) 

(5) Calculate the outlet velocity based on the expression: 

Vo = 223.8 h'

(6) Determine the outlet specific volume v. based on the assumed 

outlet pressure Po and the outlet enthalpy h0 

(7) With the outlet conditions established above, calculate 

,the mass flow rate by: 

W= VO
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(8) If the mass flow rate calculated above is the same as 

the maximum flow capacity of the valve, (from 

W = 51.5AP), then the aisumed outlet pressure and 

calculated outlet conditions are compatible with the 

inlet conditions and the reaction force can be com

patible with the inlet conditions and the reaction 

force can be calculated. If the mass flow rate 

calculated does not agree, then a new outlet pressure 

must be assumed and the procedure repeated.  

(9) Repeat the above calculation for other values of isen

tropic expansion efficiency within the specified range, 

and select the highest value of reaction force for 

the design of the safety valve installation.  

(2) Closed System 

In a closed system, no sustained reaction force from a free 

discharging jet of fluid can exist, However, transient hydraulic 

forces can be imposed at various points in the piping system 

from the time a safety valve begins to pop open until steady 

flow is completely developed. In order to evaluate these 

transient forces, an analytical model of the system being 

analyzed must be developed. In developing models of pressurizer 

safety valve systems, Westinghouse has applied technology 

developed for the analysis of the blowdown during a loss-of

coolant accident. The analytical models developed and their 

applications are considered to conservatively estimate the 

transient forces.
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The FLASH-IV digital computer code (Reference 1) has been used 

to calculate the transient hydraulic loads in closed piping 

systems. For these calculations, the system is modeled by 

dividing the piping system into control volumes and defining 

the control volume characteristics required by the FLASH-IV 

program. Valves are modeled as '"leak elements" with choked 

flow into the valve calculated by the Moody correlation.  

The code is also set up to check flow choking at the end of 

the discharge piping. Frictional losses are incorporated 

for the discharge piping and associated elbows.  

The following assumptions have been incorporated 4nto the 

caualJton -tran9iTn- -hyraulic-loads on closed saf~tv_.  

valve pipiiAg-ystems with a water seal on-the upstream side 

of the safety valve.  

1. Valve opens Full in 40 Milliseconds 

Information from valve manufacture indicates opening to 

approximately 70% in 40 milliseconds.  

2 Loop Seal Water is Pushed Ahead of Steam 

Actually some breakup of the water mass is expected to 

occur as water is forced past the valve seat and as the 

water passes through successive downstream elbows.  

3. Two-Phase Flow in the Downstream Piping is Homogeneous 

Thus, any flashing of loop seal water will result in 

steam bubbles trapped in the water mass. Actually some 

phase separation is likely, thereby reducing the accel

eration of the liquid phase.

5-7



4. No Credit is Taken for Power-Operated Relief Valves 

Actua ion of power-operated relief valves would increase 

the back-pressure in the relief tank piping system, 

thereby reducing the transient hydraulic loads from 

subsequent safety valve actuation. For this analysis, 

the lowest back-pressure was assumed (3 psig) corres

ponding to conditions just prior to actuation of the first 

safety valve with relief valves closed.  

Reference: 

1. WAPD-TM-80, "Flash-IV: A Fully Implicit Fortran IV Program 
for the Digital Simulation of Transients in a Reactor Plant", 
T. A. Porsching, J. H. Murphy, J. A. Redfield, V. C. Davis.
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QUESTION 5

Provide a brief description of the following for typical 
open and closed systems: 

c) summary of stresses at high changes in flexibility.  

ANSWER 

The stresses at each point in the piping systems have been 

examined for the highest combination load and have been found 

generally to be well within allowable limits, The points of 

maximum stress have been found to exist at elbows and tees 

(i.e., high changes in flexibility) or at support points.  

These maximum stress values have been tabulated in Table 3 

of the July 13, 1972 report entitled, "Summary Report of 

Safety and Relief Valve Installation and Re-Analysis for 

ASME Class 1 and Class 2 Systems in Indian Point Unit 2".
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QUESTION 6 

Provide justification for using a 0.15g horizontal and a 0.10g 
vertical DBE input in lieu of the results from a multi degree
of-freedom system.  

ANSWER 

The ground accelerations of 0.15g horizontal and 0.10g vertical 

input have been established in the Indian Point Unit No. 2 FSAR 

as the Design Basis Earthquake. However, these values were 

not used in the seismic analysis of the piping systems. Piping 

associated with the pressurizer and main steam relief valve 

systems was analyzed for seismic effects using the ADLPIPE 

computer program. The dynamic analysis incorporated multi

degree-of-freedom mathematical models and appropriate response 

spectra curves. Seismic stresses for the other piping 

systems containing relief valves were determined using the 

MEL-40 program. Equivalent static loads were calculated using 

acceleration coefficients associated with the peak values of 

the ground response spectra curves with appropriate damping 

factors.



QUESTION 7

Provide justification for the use of a load factor of 2 for 

closed systems.  

ANSWER 

Based on the characteristics of the transient hydraulic loads 

from the valve opening in closed steam systems, the maximum 

dynamic load factor of single-degree-of-freedom systems to 

similar transients, and the dynamic load factor based on 

time history analyses of a number of closed systems in a 

typical pressurized water reactor plant, a dynamic load 

factor of two is conservative.  

In a closed steam system (no loop seal), the transient 

hydraulic loads acting on each leg of the downstream piping 

as calculated by FLASH IV characteristically have one major 

pulse which is one-sided (all plus). A typical transient 

hydraulic force is shown in Figure 7-1. Such transient 

hydraulic forces excite each leg in turn, as the pressure 

pulse travels downstream so that each leg experiences one 

pulse. Even though the piping system as a whole experiences 

a series of pulses.  

The dynamic load factor of undamped single-degreetofrfreedom 

systems for a number of different single-sided transients is 

(1) 
well known The dynamic load factors for two common 

transients are shown in Figures 7-2 and 7-3, The maximum 

dynamic load factor for a single,-degree-of-freedom system 

for a single, one-sided pulse is two.
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However, for a symmetrical two-sided pulse, the maximum 

dynamic load factor for an undamped single-degree-of-freedom 

system can be greater than two as shown in Figure 7-4. For 

example, the maximum dynamic load factor for a two-sided 

triangular pulse is less than 2.7. Therefore, the two-sided 

transient represents a more severe loading condition than 

the single-sided transient.  

The theoretical results are all for undamped systems. The 

dynamic load factor will be smaller if damping is considered.  

In order to evaluate the effects of the local application of 

the load, the multiple degrees-of-freedom, the three

directional motion, small amounts of damping, (less than 

2%), and the characteristics of hydraulic loads computed 

for actual piping systems, the dynamic load factor for a number 

of typical closed systems was determined.  

The time-histories of the hydraulic forces were determined 

by means of the FLASH IV computer program. The resulting 

transient forces were two-sided transients because loop seals 

were included. The time-histories of the piping stresses 

were determined by means of the WESTDYN-FIXFM-WESDYN2 

package of computer programs. The structural model of all 

of these systems included the pressurizer, upstream piping 

(including loop seal), valve, downstream piping, and the 

associated hangers and snubbers. Two of the systems contained 

six legs of downstream piping, and two contained eight legs.
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The lowest fundamental frequency was 10.2 Hz, and the highest 

was 23.2 Hz. The dynamic load factor was determined as the 

ratio of the maximum stress from the time-history analysis 

to the maximum stress from a static load analysis.  

The load used in the static analysis was chosen in several 

different ways. First, a true time slice of the time

histories of the hydraulic loads was taken at those times 

when the load could cause a maximum stress condition. Such 

times could be when the load on an individual leg peaked (plus 

or minus) or when the superposition in time of some combination 

of the loads peaked. At least fifteen different true time 

slices were evaluated for each system. From all of these 

time slices, the maximum stress calculated for each system 

is shown in Table 7-1 under the heading of True Time Slice.  

Second, the peak load on each individual leg was chosen, and 

all of the peaks applied to their corresponding legs as one 

static load condition. The resulting maximum stress is 

shown in Table'7-1 under the heading of EF.mx 
il i max 

Third, the peak load on each leg was applied individually, 

and the maximum stress from this' set of loads is shown in 

Table 7-1 under the heading F i max* 

All of the actual dynamic load factors determined for these 

systems are less than two as shown in Table 7-1, even though 

the transients were more severe than the one-sided transients 

in closed steam systems. Since these systems include those
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with relatively low maximum stresses and those with relatively 

high maximum stresses, a design dynamic load factor of two for 

closed steam systems is sufficiently conservative to be con

sistent with current design practice.  

Reference 

1, Ayre, R. S. "Transient Response to Step and Pulse 

Functions", Chap. 8 of Shock and Vibration Handbook, 

C. M. Harris and C, E. Crede, Editors, Mcgraw Hill, 1961.
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QUESTION 8 

Provide sketches of the required modifications used for all 

typical systems.  

ANSWER 

The attached Figures 8a, 8b, 8c and 8d show the modifications 

used.
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DICKER(E) 
W/ Copies

KNIGHTON(E) 
W/ Copies 
YOUNGBDOD(E) 
W/ Copies 
REGAN(E)s w/ Copie.s

W/ Copies

lNWFPTNAT. LDT~rrTRTT

C, ROOM P-50 
UrUTzI)G/STAFF 

CASE kW) 
GIAMBUSSO 4BOYD -I(BwR) 

4DEYOUIL(PWR) 
4SKOVHOLT-L 
P. COLLINS 

REG OPR 
FILE &. REGION 

RRIS 
- .EL

TECH REVIEW 

)6A SCHROEDER 
MACCARY 

-KNIGHT(2) 

PAWLICKI 
SHAO 

KNUTH 
STELLO 
MOORE 
HOUSTON 

$JTEESCO 
(2) . LONG 

LAINAS 
BENAROYA

JVOLL2MER 
WDENTON 
'GRIMES 

GAMMILL 
KASTNER 
BALLARD 
SPANGLER 

ENVIRO 

DICKER 
KNIGHTON 
YOUNGBLOOD 
PROJ LEADER

REGAN

HAPLESS 

Fl& M 

NUSSBAUMER 

PC ASSTS 

MASON L 
WILSON L 
MAIGRET L 
SMITH L 
GEARIN L 
DIGGS L 
TEETS L 
LEE L

WADE E 
SHAFER F&M 
BROWN E 
G. WILLIAMS E 
E. GOULBOURNE L A/T IND) 

SALTZMAN 

PLANS 
MCDONALD 
DUBE 

INFO 
C. MILES

EXTERNAL DISTRIBUTION
I :CAL PDR Montrose, New York 

41-NSIC(BUCHANAN) 
I-ASLB-YORE/SAYRE 

_WOODWARD/H. ST.  
T'16-CYS ACRS HOLDING (Sent to M. Ser 

02-14-73

C ) (9)-NATIONAL LAB'S - 1-DR-SAN/A/NY 
1-R. CARROLL-OCq GT-B227 1-GERALD LELLOUCHE 
L-R. CATLIN, E-256-GT BROOKHAVEN NAT. LAB 
1-CONSULANT' S I-AGMED (WALTER KOESTER, 

.vice) NEWMARK/BLUME/AGABIAN Rm C-427, GT) 
1-RD...MULLER...F-309GT

I


